Background: Although a number of environmental and policy interventions to promote physical activity are being widely used, there is sparse systematic information on the most effective approaches to guide population-wide interventions. Methods:
interventions to promote physical activity are being promoted widely, 43, 44 there is sparse systematic information on the most effective approaches for persons conducting population-wide interventions. [41] [42] [43] [44] [45] [46] Environmental and policy approaches are designed to provide environmental opportunities, support, and cues to help people develop healthier behaviors. The creation of healthful physical and organizational environments is attempted through development of policy that lends itself to creating supportive environments and strengthening community action. Correlation studies have shown that physical activity levels are associated with factors such as the availability of exercise equipment in the home and the proximity and density of places for physical activity within neighborhoods. 41 Additional studies suggest that neighborhood and environmental characteristics such as safety, lighting, weather, and air pollution are related to physical activity levels, regardless of individual motivation and knowledge. 44 To affect entire populations, interventions in this category are not directed to individuals but rather to physical and organizational structures. The environmental and policy interventions are implemented and evaluated over a longer period of time than more individually-oriented interventions. Interventions can be conducted by traditional health professionals, but also involve many sectors whose practices are not driven by public health concerns, such as urban planners, transportation engineers, community agencies and organizations, legislators, and the mass media. The goal is to increase physical activity through changing social networks, organizational norms and policies, the physical environment, resources and facilities, and laws. Interventions reviewed here are 1) community-scale urban design and land use policies and practices to increase physical activity, 2) street-scale urban design and land use policies to increase physical activity, and 3) transportation and travel policies and practices.
Methods

The Guide to Community Preventive Services
The systematic reviews in this report are based on the methods of the independent, nonfederal Task Force on Community Preventive Services (the Task Force). The Task Force is developing the Guide to Community Preventive Services (the Community Guide) with the support of the US Department of Health and Human Services (DHHS) in collaboration with public and private partners. The Centers for Disease Control and Prevention (CDC) provides staff support to the Task Force for development of the Community Guide. A special supplement to the American Journal of Preventive Medicine, "Introducing the Guide to Community Preventive Services: Methods, First Recommendations and Expert Commentary," published in January 2000, presents the background and the methods used in developing the Community Guide. 47 The general methods used to conduct systematic reviews for the Community Guide have been described in detail elsewhere. [48] [49] [50] [51] In brief, the current review was conducted by a diverse team representing a range of disciplines and backgrounds, including exercise science, health promotion, epidemiology, and urban design and planning. The team developed a conceptual framework for organizing, grouping, and selecting each of the environmental and policy interventions under consideration and for choosing the outcomes used to define success for each intervention. A systematic search for evidence was performed using standard computer-based search engines. The team searched beyond the traditional public health literature to include studies published in the urban design, planning, transportation, and architecture literatures; assessing the quality of and summarizing the strength of the body of evidence on effectiveness for each intervention; summarizing information about other evidence; and identifying a research agenda. In total, over 500 articles were examined for abstract content across the topic areas of urban design/land use and transportation. Each study that met the inclusion criteria was evaluated using a standardized abstraction form and was assessed for suitability of the study design and threats to validity. On the basis of the number of threats to validity, studies were characterized as having good, fair, or limited execution. Studies with limited execution were not included in the summary of the effect of the intervention. The remaining studies (i.e., those with good or fair execution) were considered qualifying studies. Estimates of effectiveness are based on those studies.
Net intervention effects were calculated for all reported measurements of a given outcome. Often, different variables were used within a study to assess changes affecting the same outcome (e.g., changes in physical activity might be calculated by measuring times per week in physical activity, self-reported physical activity score, minutes per week in physical activity, or all three). Multiple measurements of the same outcome were examined for consistency. Medians were calculated as summary effect measures for each type of measurement and were compared across outcomes for consistency.
Bodies of evidence of effectiveness were characterized as strong, sufficient, or insufficient on the basis of the number of available studies, the suitability of study designs for evaluating effectiveness, the quality of execution of the studies, the consistency of the results, and the effect size.
Results
Community-Scale Urban Design and Land Use Policies and Practices to Promote Physical Activity
Community-scale urban design and land-use regulations, policies, and practices commonly strive to create more livable communities. The interventions use policy instruments such as zoning regulations and building codes, and environmental changes brought about by government policies or builders' practices. The latter include policies encouraging transit-oriented development, and policies addressing street layouts, the density of development, the location of more stores, jobs and schools within walking distance of where people live. We restricted our review to those studies reporting physical activity outcomes, mostly walking or biking for transportation, but also total physical activity and outdoor active play.
The analytic framework used to evaluate effectiveness of community-scale urban design and land use regulations, policies, and practices to increase physical activity (Figure 1 ) illustrates the relationship between the built environment, funding availability, organizational support, and the mediating factors of greater numbers of people living within walking distance of shopping, work, and school; improved connectivity of streets and sidewalks; and preservation of or creation of green space and improved aesthetic qualities of the built environment. These effects in turn influence the overall amount of physical activity engaged in by residents of the community. For example, the level of funding available can affect urban design and land use regulations, policies and practices. In turn, these regulations, policies and practices may result in increased pedestrian safety, which may result in more people walking, improved fitness and reduced adiposity, reduction in pedestrian injuries, and cleaner air.
To evaluate the effectiveness of community-scale urban design and land use policies, and practices in promoting physical activity, we identified thirteen (13) studies from a pool of over 300 studies published during the years 1993-2003. [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] One study had limited quality of execution and was not included in our review. 64 Twelve (12) of the remaining studies had fair execution. The study designs were cross-sectional. [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] Details of the 12 qualifying studies are provided in Appendix A.
Reported behavioral outcomes and differences associated with each study are shown in Figure 2 . These differences are reported by variable measures for each study and include change in pedestrians per hour per 1000 residents, percent change in pedestrians per 1000 housing units, percent trips, and distance and duration of the trip. Although we did not attempt a single quantitative summary across the diverse effect measures, the results of the various effect measures support a generally similar narrative conclusion: the preponderance of the evidence suggests that this type of intervention is associated with higher levels of physical activity.
The weakness of this body of evidence is that the outcome measures of physical activity were often incomplete; the studies were all cross-sectional, raising the specter of selection bias, and limited the outcomes to behavioral differences rather than behavioral change. In addition, the community-scale studies' exposures were Regarding self selection, recent work by Schawnen and Mokhtarian 65 have suggested that people's beliefs about the impact of automobile use on the environment are more important in explaining the variation in distance traveled by automobile and rail than their attitudes about land use configurations. For walking/bicycling/ jogging behaviors the affective feelings or liking for walking were more relevant to decisions about usage and distance covered than about land use configurations as well. These results suggest that the differences in walking and bicycling seen among residents living in contrasting community settings (i.e., well connected mixed-use vs. isolated suburban communities) are less likely due to pre-decisions by activity-oriented residents to live in a more well connected community than the presence of increased opportunities afforded by the built environment to be more physically active. (See Research Issues)
The body of evidence used to evaluate the applicability of this intervention was the same as that used to evaluate the effectiveness. Twelve studies were conducted in the US, [52] [53] [54] [56] [57] [58] [59] [60] [61] [62] [63] [64] and one study in Canada. 55 Four studies compared communities with grid/rectilinear street design with communities with cul-de-sac street design. 53, 54, 56, 61, 64 Three studies compared pedestrian friendly environments (e.g., ease of crossing street, topography, continuity of sidewalks, etc.) with non-pedestrian friendly environments. 59, 60, 62 Among these studies the intervention and comparison communities were similar in terms of socioeconomic status (SES) and racial/ethnic parameters. In addition, within as well as between studies, there was a range of SES. Given the diversity of populations included in this body of evidence, these results should be applicable to diverse settings and populations, provided appropriate attention is paid to adapting the intervention to the target population. Given that the studies reviewed were carried out in urban to suburban environments, it is unclear whether the same components of design and land use apply to rural settings, although many of the design features illustrated in this body of evidence can be found in small towns/cities located in rural regions.
The systematic review development team identified potential barriers to implementation of community-scale urban design and land use regulations, policies, and practices. These barriers include 1) changing how cities are built given that the urban landscape changes relatively slowly, 2) zoning regulations that preclude mixed-use neighborhoods, 3) cost of remodeling/retrofitting existing communities, 4) lack of effective communication between different professional groups (i.e., urban planners, architects, transportation engineers, public health professionals, etc.), and 5) changing behavioral norms directed towards urban design, lifestyle, and physical activity patterns.
According to the Community Guide rules of evidence, 47 sufficient evidence shows that community-scale urban design and land use regulations, policies, and practices can be effective in increasing walking and bicycling. The regulations, policies, and practices that do so provide places people need or want to visit such as retail or commercial establishments or places of employment close enough to be reached by methods other than driving, and safe and attractive pathways to get there. Mixed land use (e.g., proximate residential and commercial areas) and sidewalk quality and connectivity are specific examples of helpful practices.
Street-Scale Urban Design and Land Use Policies and Practices to Increase Physical Activity
Street-scale urban design and land use approaches use policy instruments and practices to support physical activity in small geographic areas, generally limited to a few blocks. These policies and practices include features such as improved street lighting or infrastructure projects that increase the ease and safety of street crossing, ensure sidewalk continuity, introduce or enhance traffic calming such as center islands or raised crosswalks, or enhance the aesthetics of the street area, such as landscaping. We restricted our review to those studies reporting physical activity (walking, bicycling, and outdoor play) outcomes.
These interventions involved the efforts of urban planners, architects, engineers, developers, and public health professionals who were instrumental in creating or providing more safe, secure, and enjoyable streets and sidewalks for walking and biking. For example, interventions in the body of evidence included adding bicycle lanes and assessing the effect of the perceived environment. In addition to promoting access, improved aesthetics and safety from both traffic and crime were important aspects of these interventions.
Our search identified a total of six studies derived from a pool of over 100 articles published during the years 1987 to 2003 [66] [67] [68] [69] [70] [71] evaluating the effectiveness of street-scale urban design and land use policies to support physical activity in small geographic areas, generally limited to a few blocks. All studies were of moderate suitability, 47 and consisted of quasi-experimental pre-post or cross-sectional study design. All studies were of fair execution and were included in the body of evidence. Effectiveness measures reported in this body of evidence varied across the studies and are expressed as 1) change or difference in the percentage of people walking, 2) change or difference in the number of people active, and 3) change or difference in the number of walkers, path users, or cyclists (see Figure  4 ). Overall, the median increase in physical activity across the effect measures was 35% (inter-quartile range: 16% to 62%). Details of the six qualifying studies are provided in Appendix B.
These interventions were designed to enhance the urban environment and/or to increase physical activity by redesigning streets and sidewalks and improving the perceived environment. The specific interventions varied among the qualifying studies, precluding the identification of specific components in common. However, the interventions all involved issues related to access, aesthetics, and safety. Improved street lighting and traffic calming measures are specific examples of the types of intervention strategies in this group of studies.
The body of evidence used to evaluate the applicability of this intervention was the same as that used to evaluate the effectiveness. One study each was conducted in the US, 71 Australia, 66 Belgium, 67 Canada, 69 England, 70 and Germany. 68 The interventions in this review were relighting streets, 70 redesigning streets, 68, 69 and improving street aesthetics. 66, 67 One study stratified for males and females. 67 This type of intervention is likely to be applicable across diverse settings and population groups, provided appropriate attention is paid to adapting the intervention to the specific setting and target population.
One potential barrier to street-scale urban design and land use policies is the expense of changing existing streetscapes. In addition, street-scale urban design and land use policies require careful planning and coordination between urban planners, architects, engineers, developers, and public health professionals. Success is greatly enhanced by community buy-in, which can take time and effort to achieve. Inadequate resources and lack of incentives for improving pedestrian-friendliness may affect how completely and appropriately interventions are implemented and evaluated.
According to Community Guide rules of evidence, 47 there is sufficient evidence that street-scale urban design and land use policies to support physical activity in small geographic areas, generally limited to a few blocks, is effective in increasing levels of physical activity. The regulations, policies, and practices that do so provide safer and more aesthetic places people need or want to visit close enough to be reached by active transport. Redesigned streets (e.g., creating/renovating playgrounds, forming squares, one-way streets, traffic calming, and bicycle lanes), improved lighting, and enhanced aesthetics are specific examples of helpful practices, as measured by an increase in the percentage of people engaging in active transport or other measures of physical activity. 
Transportation and Travel Policies and Practices
Transportation/travel interventions of interest to promoting physical activity include interventions that strive to improve pedestrian, transit and light rail access, increase pedestrian and cyclist activity and safety, reduce car use, and improve air quality. We restricted our review to those studies reporting physical activity (walking or bicycling) outcomes.
The interventions used policy and environmental changes such as creating and/or enhancing bike lanes, requiring sidewalks, subsidizing transit passes, providing incentives to car or van pool, increasing the cost of parking, and adding bicycle racks on buses.
Our search identified three studies out of over 90 identified studies from the years 1990 to 1998 [72] [73] [74] evaluating the effectiveness of transportation and travel policies and practices. Of these, two studies had limited quality of execution and were not included in our review. 72, 74 The remaining study had fair execution. The study design was time series. 73 The effectiveness measures was mode choice for walking to school. 73 Evidence about barriers to implementation of this intervention was not collected because effectiveness was not established.
According to the Community Guide rules of evidence, 47 available studies provided insufficient evidence to determine effectiveness of transportation and travel policy and practice interventions in increasing physical activity or improving fitness, because of an insufficient number of studies.
Research Issues
The effectiveness of recommended interventions in this section (i.e., communityscale urban design and land use policies and street-scale urban design and land use policies) is established. However, several crosscutting research issues about the effectiveness of all the reviewed interventions remain. These are organized under the headings of measurement, urban design and land use characteristics, and interaction between the social and physical environment.
Measurement
• What are the relationships between "objective" (e.g., derived by community and street-scale audits) and "perceived" (e.g., derived by telephone survey) neighborhood characteristics and does this relationship vary by perceived preference?
• How can future studies detect how close one's perception is to reality of the environment and what methods would best improve our understanding of this difference?
• In terms of an organizational structure, how should the built environment be conceptualized and what is the best way to measure or quantify components of the built environment (e.g., accessibility, aesthetics, safety, walkability)?
• What are the key findings of future studies that rely on "objective" measures of physical activity, as derived from motion sensors?
• What is the optimal method for collecting self-reported data on physical activity and do those vary by domain (e.g., recreational vs. transport activity)?
• How can new studies incorporate data at the individual level, rather than the trip level?
• How can existing GIS-derived data be used to improve the measurement abilities of future studies?
• How can surveillance for physical activity policies be conducted (national vs. state vs. local) and can they be related to patterns of behavior?
• How best can we design longitudinal studies that account for the temporal sequence between "exposure" to the environment and behavior change?
• How can new studies best determine the effects of re-location (e.g., using "reasons for moving" scales, measuring attitudes)?
• Will larger studies with better measurement allow us to better describe the specific characteristics of the urban environment that are most conducive for physical activity?
Urban Design and Land Use Characteristics
• What is the geographic scale(s) at which the neighborhood environment is most strongly correlated with physical activity?
• What are differences in the effectiveness of urban practices and policies, based on whether they are macro-level changes or micro-level changes (e.g., zoning changes in a community vs. adding street lights or sidewalks)?
• How do these interventions apply in less populated or rural areas?
• What characteristics of the built environment (e.g., land use mix, walkability, bike paths, improved street lighting, ease and safety of street crossing, sidewalk continuity, landscaping) best facilitate physical activity?
• What effect does urban redevelopment have on physical activity levels of inner city residents?
Interaction of the Social and Physical Environment
• Do injury rates increase or decrease as a result of these intervention strategies?
• What leads to effective collaboration across sectors as communities seek to promote physical activity?
• Can new studies be conducted that assess the potential interaction of effects between the physical and social environments?
• Does multivariate adjustment for potential confounding factors (e.g., age, income, gender) change the relationship between the built environment, policies, and physical activity? If so, what potential confounders are most important?
• Is it possible to use existing data to assess the impact of selection bias (e.g., stratifying data sets by income group)?
• What factors lead to an enhanced likelihood that policies friendly toward physical activity will be enacted and enforced?
• Among elected officials, what are the key drivers in moving forward an agenda that supports activity-friendly communities?
• How best can the various sectors (e.g., public health professionals, urban planners, travel behavior researchers) collaborate to implement policies and practices that promote activity?
• Does the built environment have similar effects on PA among the majority population, among diverse racial/ethnic, low SES, and various age and ability groups?
• How well does perceived safety from crime coincide with objective measures of safety from crime? What explains any observed differences? How important are they in influencing physical activity? How should physical activity interventions address erroneous perceptions of safety from crime?
• How much of an impact do these recommended strategies have on the likelihood of pedestrian and bicyclist injuries? Are there additional infrastructural adaptations necessary to enhance pedestrian and cyclist traffic safety?
The availability of economic data was limited. Therefore, considerable research is warranted on the following questions:
• What is the cost-effectiveness of each of these interventions and how can it be increased?
• How can effectiveness in terms of health outcomes or quality-adjusted health outcomes be better measured, estimated, or modeled?
• How can the cost-benefit of these programs be estimated?
• Does making cities more walkable improve economic development?
Translating Community Guide Recommendations for Increasing Physical Activity into Public Health Action
The challenges in translating scientific information into meaningful public health programs and policies are substantial. The recommendations described in this article provide science-based guidance on environmental and policy interventions to promote physical activity. However, the recommendations alone provide relatively little information on how to implement effective interventions. Similarly, a recent review of this topic by a combined committee of the Transportation Research Board (TRB) and the Institute of Medicine (IOM) concluded that the built environment "can facilitate or constrain physical activity" and recommended that "those responsible for modifications to the built environment should facilitate access, enhance the attractiveness of, and ensure the safety and security of places where people can be physically active." The committee did not, however, recommend any specific changes because the causal evidence supporting any specific change or changes is not yet available. 75 There are a number of practical issues that should be considered when implementing the recommendations of the Community Guide. First, the local context for an intervention should be assessed in conjunction with the information in the Community Guide. This is important because decisions in public health are based on a number of factors including scientific effectiveness, available resources, community priorities, perceived value, and culture. 76, 77 It is important to keep in mind that intervention effectiveness does not necessarily equate with intervention feasibility. For example, before addressing any new intervention program or policy, it may be crucial to conduct a local needs assessment-this may involve both qualitative and quantitative data. In addition, practitioners may benefit from a variety of readymade tools for program planning, implementation, and evaluation. The purpose of these tools is to provide resources on how to best implement an intervention after a potentially effective program has been chosen from the menu in the Guide.
Conclusion
The Community Guide's physical activity recommendations identify intervention tools that practitioners can use to achieve the Healthy People 2010 Objectives for Physical Activity and Fitness. 36 The Task Force recommends with strong evidence the creation of and enhanced access to places for physical activity combined with informational outreach activities. Recommended with sufficient evidence are community-scale and street-scale urban design and land use policies and practices to promote physical activity. These set of recommendations point out the roles that policy and environmental approaches to increasing physical activity can play in combating inactivity in our culture. These recommendations should serve well the needs of researchers, planners, community leaders, and other public health decision makers in shaping the future agenda for efforts to explore and promote physical activity and thereby improve the health of the nation.
Appendix A Intervention: Community-scale Urban Design (form)/land-use
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